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Description 
TECHNICAL FIELD 

s [0001] The present invention relates to an analyzing tool used for analyzing a particular component contained in a 
sample, and to a method for making such an analyzing tool. 

BACKGROUND ART 

10 [0002] Rg. 20 shows a glucose sensor 9, which is an example of analyzing tool used for measuring the blood glucose 
level by colorimetry. The glucose sensor 9 Includes a first and a second plate members 91 and 92 bonded together via 
a pair of spacers 93. The glucose sensor 9 includes a capillary 94 defined by the above elements 91-93. A reagent 95 
is provided in the capillary 94. The reagent 95 dissolves when blood is supplied thereto and contains reactive components 
such as a color former, an oxidoreductase and an electron mediator, for example. 

IS [0003] In the glucose sensor 9, when blood is supplied through an opening 96, the blood introduced into the capillary 
94 moves toward an opening 97 by a capillary force generated In the capillary 94. At this time, a liquid phase reaction 
system including glucose and reactive components is established in the capillary 94 by the dissolving of the reagent 95. 
[0004] In the liquid phase reaction system, the reactive components contained in the reagent 95 and glucose diffuse 
to undergo reaction, and electrons taken out from glucose are supplied to the color fonner via the electron mediator, for 

20 example. By the supply of electrons, the color fonner develops color, whereby the liquid phase reaction system is colored. 
The degree of coloring is detected by an optical technique, and the blood glucose level is computed based on the 
detection result. 

[0005] As noted above, to cause the color fomner to develop color, at least the reaction for taking out electrons from 
glucose and the reaction for supplying the taken-out electrons to the color former are necessary. On the other hand, to 

25 make the color former efficiently develop color in the liquid phase reaction system and to shorten the measurement time, 
it is necessary to disperse the reactive component contained in the reagent 95 uniformly in the liquid phase reaction 
system. However, in the case where the reagent 95 is designed to dissolve by the supply of a sample, the concentration 
of the reactive component becomes locally high (at the portion where the reagent 95 is provided) and then gradually 
becomes uniform as the reactive component diffuse overtime. Therefore, in the concentration measurement using the 

30 glucose sensor 9, the measurement time tends to depend on the diff usivity of the reactive component. Further, although 
the glucose concentration is generally uniform In the liquid phase reaction system in the initial stage after the blood is 
introduced into the capillary 94, glucose is consumed as the reaction proceeds, so that the concentration of unreacted 
glucose is lowered at a region where the concentration of the reactive component is high. Therefore, in addition to the 
reactive component, the concentration distribution of glucose and the diffusivity of glucose also have influence on the 

35 measurement time. 

[0006] In the glucose sensor 9, the reagent 95 is fomned only at the second transparent plate 92, and the distance H 
between the first transparent plate 91 and the second transparent plate 92 is generally set to no smaller than 200M,m. 
Therefore, in the diffusion to make the concentration of the reactive component contained in the reagent 95 uniform in 
the liquid phase reaction system, the diffusion length of the target component is relatively large. Further, the diffusion 

^ length of glucose is also large. As a result, the glucose sensor 9 has a drawback that the time taken to obtain an intended 
reaction state (coloring of the liquid phase reaction system) is relatively long and hence long measurement time is 
required. When the measurement time is set relatively short, coloring sufficient for the accurate measurement of a high 
glucose concentration in blood cannot be obtained, so that the measurement accuracy In a high concentration range is 
deteriorated. To ensure high measurement accuracy while setting the measurement time relatively short, the measure- 

^5 ment range becomes narrow. 

[0007] Further, when an unstable reagent (highly reactive reagent) such as methoxy-PMS as an electron mediator is 
contained In the reagent 95, such a reagent reacts with another reagent to cause measurement error in storing the 
glucose sensor 9. Therefore, when a single reagent contains different kinds of reagents, the stability in storage may not 
be good depending on the combination of the reagents, whereby the measurement accuracy may become lower. 

50 

DISCLOSURE OF THE INVENTION 

[0008] An object of the present invention is to provide an analyzing tool which is capable of shortening the analysis 
time and performing accurate analysis even in a high concentration range and which has good stability in storage. 
55 [0009] According to a first aspect of the present invention, there is provided an analyzing tool comprising: a reaction 
space in which a particular component of a sample and a reagent react with each other; and a reagent portion which is 
arranged in the reaction space and which dissolves when the sample is supplied to the reaction space. The reagent 
portion includes a first part and a second part facing each other and provided on a defining surface defining the reaction 
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space. 

[0010] Preferably, the first part and the second part may be separated from each other. It is possible, however, that 
the first part and the second part are connected to each other. 

[001 1 ] Preferably, the first part and the second part differ from each other in composition. In this case, reagents which 
are likely to react with each other in storage are to be separated into the first part and the second part for avoiding 
mixture. In this manner, the reaction between reagents is prevented from occurring, whereby the stability in storage can 
be enhanced. On the other hand, reagents which are unlilcety to react with each other can be mixed in the first or the 
second part. 

[0012] The reagent in the analyzing tool of the present invention may include a color-developing reagent to perfomi 
sample analysis by colorimetry. The present invention is also applicable to an analyzing tool for analyzing a sample by 
an electrode method. In such a case, the reagent need not include a color-developing reagent. 
[001 3] The defining surface includes a first region at which the first part is provided, and a second region at which the 
second part is provided and which faces the first region in the direction nonnal to the first region. In this case, it is 
preferable that the facing distance of the first region and the second region is no greater than SOOfirn. 
[001 4] Preferably, the facing distance Is no greater than 200jjim, and more preferably, no greater than 1 50jtm. Mean- 
while, the facing distance is no smaller than SOfjim. This is because, when the facing distance is excessively small, a 
sample containing solid components, like blood containing blood cells, or a sample having a high viscosity cannot move 
smoothly through the fiow path. 

[0015] The analyzing tool of the present invention may further comprise a first plate member in whk^h the first region 
is included, and a second plate member in which the second region is included. The second plate member defines the 
reaction space together with the first plate member. The analyzing tool of the present invention may further comprise a 
spacer for bonding the first plate member and the second plate member to each other and defining the reaction space 
together with the plate members. In this case, the facing distance mentioned above can be detennined by the spacer. 
[001 6] The reaction space may be designed to move the sample by a capillary force generated in the reaction space. 
Altematively, the reaction space may be designed to move the sample by utilizing the motive power of a pump. In the 
analyzing tool of the present invention, the sample need not necessarily be moved in the reaction space. 
[0017] According to a second aspect of the present invention, there is provided a method for making an analyzing 
tool. The method may comprise: a first reagent portion fonning step for fomning at least one first reagent portion at a 
first substrate; a second reagent portion fonming step for fonning at least one second reagent portion at a second 
substrate; and an intemnediate product fonning step for forming an intermediate product by bonding the first and the 
second substrates together in a manner such that the first and the second reagent portions face each other. 
[0018] IHerein, the "first substrate" and 'second substrate" can refer to substrates con-esponding to the first plate 
member and the second plate member in the analyzing tool according to the first aspect of the present invention, and 
also refer to other materials in which a plurality of regions to be divided into such plate members are defined. 
[0019] Preferably, in the first reagent portion forming step, a plurality of first reagent portions may be fomned at the 
first substrate, and in the second reagent portion fonning step, a plurality of second reagent portions may be formed at 
the second substrate. Preferably, in this case, the method may further comprise a cutting step for cutting the intemnediate 
product into pieces each including at least one of the first reagent portions and at least one of the second reagent portions. 
[0020] The first reagent portion and the second reagent portion may differ from each other in composition. I n this case, 
an analyzing tool can be provided in v^ich a highly reactive reagent is separated from another reagent which is likely 
to react with the reagent. However, the first reagent portion and the second regent portion may have the same or 
substantially the same composition. 

[0021] Preferably, the method according to the present invention may further comprise a step perfomned before the 
intemnediate product fomning step for mounting a spacer on at least one of the first and the second substrates, wherein 
the spacer is mounted on a surface to be fonned with the first reagent portion or a surface to be fomned with the second 
reagent portion. Preferably, this additional step may be perfomned before forming the first and the reagent portions at 
the first and the second substrates. In such a case, the region at which a reagent portion is to be fonned can be defined 
by the spacer, and it is possible to prevent the spacer from being mounted on a region formed with a reagent portion. 
However, it is possible that this step may be perfonned after the first and the second reagent portions are formed. 
[0022] As the spacer, use may be made of a double-sided tape having adhesive opposite sides, for example. In this 
case, the application of an adhesive on the first or the second substrate is unnecessary, whereby the manufacturing 
efficiency of an analyzing tool is enhanced. 

[0023] According to a third aspect of the present invention, there is provided an analyzing tool comprising a reaction 
space in whrch a particular component of a sample reacts with a reagent for analyzing the particular component by 
colorimetry. The reaction space is defined by a defining surface which includes: a reagent retaining region for retaining 
a reagent; and a facing region which faces the reagent retaining region in the direction normal to the reagent retaining 
region. The facing region does not retain a reagent. The facing distance of the reagent retaining region and the facing 
region is no greater than 1 SOfi/n. 
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[0024] Preferably, the facing distance may be no greater than 1 0OM.m, and more preferably, no greater than 7Syjr\. 
On the other hand, the facing distance may be no smaller than 30|Lm. This is because, when the facing distance is 
excessively small, a sample containing solid components, like blood containing blood cells, or a sample having a high 
viscosity cannot move smoothly through the flow path. 
5 [0025] The reaction space may be designed to cause the sample to move therein. The movement of the sample may 
be realized by a capillary force generated in the reaction space. Alternatively, the sample In the reaction space may be 
moved by a motive power from a pump. 

[0026] The analyzing tool of the present invention may further comprise a first plate member in which the reagent 
retaining region is included, and a second plate member in which the facing region is included. The second plate member 

10 defines the reaction space together with the first plate member. The analyzing tool of the present invention may further 
comprise a spacer for bonding the first plate member and the second plate member to each other and defining the 
reaction space together with the plate members. In this case, the facing distance may be detemiined by the spacer. 
[0027] The present invention Is applicable to an analyzing tool for a sample such as blood. The present invention is 
also applicable to an analyzing tool used for analyzing a sample other than blood, for example, urine. 

15 [0028] In the specification of the present invention, the temri "facing" indicates not only the facing state of flat surfaces 
but also the facing state of curved surfaces and the facing state of a flat surface and a curved surface, unless othenvise 
noted. Further, the temn "facing distance" means the maximum value of distance necessary for a reagent to travel for 
reaching the facing region when the reagent is diffused from the reagent retaining region in the nonmal direction. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] 

Fig. 1 is an entire perspective view showing a glucose sensor according to a first embodiment of the present invention. 
2S Rg. 2 is a sectional view taken along the line 11-11 in Rg. 1 . 

Rg. 3 is a sectional view taken along the line Ill-Ill in Fig. 1 . 

Rgs. 4A and 4B each is a sectional view con-esponding to Rg. 3 for describing the progress of blood in a capillary. 
Rg. 5 is an entire perspective view of a substrate used in a method for making the glucose sensor shown in Rgs. 1 -3. 
Rg. 6 is an entire perspective view of the substrate shown in Fig. 5, to which double-sided tapes are bonded. 
30 Rg. 7 is an entire perspective view of a primary intemnediate product obtained by fomning a plurality of reagent 

portions on the substrate shown in Rg. 6. 

Fig. 8 is an entire perspective view showing the process step for bonding two primary intenmediate products together. 
Figs. 9A-9D each is a sectional view showing another example of glucose sensor according to the present invention. 
Rg. 1 0A is a perspective view, partially cut away, showing still another example of glucose sensor according to the 
35 present invention, and Rg. 1 08 is a sectional view thereof. 

Rg. 11 is an entire perspective view showing a glucose sensor according to a second embodiment of the present 
invention. 

Rg. 12 is a sectional view taken along the line Xlt-XII in Fig. 11. 
Fig. 13 is a sectional view taken along the line Xlll-Xili in Fig. 11. 
^ Rgs. 1 4A and 1 48 each is a sectional view corresponding to Fig. 1 3 for describing the progress of blood in a capillary. 

Fig. ISA is a perspective view, partially cut away, showing another example of glucose sensor according to the 
present invention, and Fig. 158 is a sectional view thereof. 

Rg. ISA is a perspective view, partially cut away, showing still another example of glucose sensor according to the 
present invention, and Fig. 168 is a sectional view thereof. 
^ Rg. 1 7A is a perspective view, partially cut away, showing still another example of glucose sensor according to the 

present invention, and Fig. 178 is a sectional view thereof. 

Rgs. 1 8A-1 8C are graphs showing the measurements of change of absorisance with time in Example 1 . 
Rgs. 19A-19C are graphs showing the measurements of change of absori3ance with time in Example 2. 
Rg. 20 is an entire perspective view showing a prior art glucose sensor. 

so 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0030] Prefen^d embodiments of the present invention will be described below in detail as a first and a second 
embodiments with reference to the accompanying drawings. 
55 [0031 ] The first embodiment of the present invention will now be described below. 

[0032] The glucose sensor XI shown in Rgs. 1 -3 is a disposable sensor designed to measure glucose concentration 
by cotorimetry. The glucose sensor XI comprises a first and a second plate members 1 and 2 bonded together via a 
pair of spacers 3. TTie glucose sensor X1 includes a capillary 4 defined by the above elements 1 -3. 
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[0033] The first and the second plate members 1 and 2 are made of e.g. PET, PMMA or v'tnylon to be transparent 
The plate members 1 and 2 are respectively provided with a first and a second reagent portions 51 and 52, which are 
accommodated in the capillary 4. Each of the reagent portions 51 and 52 is in a solid state soluble in blood, and at least 
one of the reagent portions 51 and 52 contains color fomner. Therefore, when blood is introduced into the capillary 4, a 
5 liquid phase reaction system including glucose and color fomner is established in the capillary 4. 

[0034] Although various kinds of known color former can be used, it is preferable to use color fomner whose absorption 
wavelength upon color development due to electron transfer is deviated from the absorption wavelength of blood. For 
instance, as the color fomner, use may be made of MTT (3-(4,5-Dimethyl-2-thia20lyl)-2,5-diphenyl-2H-tetra2onum bro- 
mide). 

10 [0035] The first and the second reagent portions 51 and 52 may contain an electron mediator or an oxidoreductase. 
in such a case, the electron transfer between glucose and color fomner proceeds quickly, whereby the measurement 
time can be shortened. 

[0036] As the oxidoreductase, glucose dehydrogenase (GDH) or glucose oxidase (GOD) may be used, and typically, 
PQQGDH is used. As the electron mediator, use may be made of [Ru (NHs)^] CI3, Kjife (CN) q] or methoxy-PMS 
(5-methylphenaziniummethylsulfate) , for example. 

[0037] The first and the second reagent portions 51 and 52 may have the same composition or may have different 
compositions. However, when an unstable reagent (highly reactive reagent) such as methoxy-PMS is used, it is preferable 
to separate such a reagent from other reagents. For instance, the unstable reagent is contained in the first reagent 
portion 51, whereas other reagents are contained in the second reagent portion 52. 
20 [0038] The paired spacers 3 detemnine the distance between the first and the second plate members 1 and 2, le. the 
height H of the capillary 4 and also define the width W of the capillary 4. In the glucose sensor XI, the paired spacers 
3 are spaced from each other by a predetemnined distance, and the distance con-esponds to the width W of the capillary 
4. The thickness of each spacer 3 corresponds to the height H of the capillary 4. 

[0039] The interior of the capillary 4 communicates with the outside through openings 40 and 41 . The opening 40 is 
25 utilized for introducing blood into the capillary 4, whereas the opening 41 is utilized for discharging air from the capillary 
4. With such a structure of the capillary 4, blood moves within the capillary 4 due to the capillary force generated in the 
capillary 4. 

[0040] For instance, the width W of the capillary 4 is set to 0.05mm to 10mm, whereas the height (facing distance) H 
of the capillary 4 is set to 30^ to 1 mm. Preferably, the height H of the capillary 4 is set to 300|un, and more preferably, 

30 no greater than 200|Lm. 

[0041] As shown in Figs. 4A and 4B, in the glucose sensor XI , when blood is supplied to the capillary 4 through the 
opening 40, the blood moves within the capillary 4 due to the capillary force generated in the capillary 4. As the blood 
moves, the reagent portions 51 and 52 are dissolved by the blood, whereby a liquid phase reaction system 42 is 
established in the capillary 4. The movement of the blood stops when the blood reaches the opening 41 . 

35 [0042] In the liquid phase reaction system 42, electrons extracted from glucose are supplied to the color former to 
cause the color former to develop color, whereby the liquid phase reaction system 42 is colored. In the case where an 
oxidoreductase and an electron mediator are contained in the first or the second reagent portion 51 , 52, the oxidoreductase 
reacts speciftcaliy with glucose in the blood to extract electrons from glucose, and the electrons are supplied to the 
electron mediator and then to the color fornier. Therefore, the degree of color development of the color fomner (degree 

<o of coloring of the liquid phase reaction system) relates to the amount of electrons extracted from glucose, i.e. the glucose 
concentration. 

[0043] For instance, the degree of coloring of the liquid phase reaction system 42 is detected by irradiating the liquid 
phase reaction system 42 with light via the first plate member 1 and receiving the light passed through the liquid phase 
reaction system 42 and emitted from the second plate member 2. As the light to irradiate the liquid phase reaction system 

45 42, use is made of light having a wavelength which the color former upon color development absorbs much. The glucose 
concentration can be computed based on the intensity of the incident light impinging on the liquid phase reaction system 
42 and the intensity of the transmitted light transmitted through the liquid phase reaction system 42. 
[0044] In the glucose sensor XI , the first and the second reagent portions 51 and 52 are provided separately In the 
first and the second plate members 1 and 2 so as to face each other. Therefore, as to the height direction of the capillary 

so 4, the length of diffusion of the color fomner which is necessary for equalizing the concentration of the color fomner is 
relatively short 

[0045] Specifically, when a reagent portion is fomned only at either one of the first and the second plate members 1 
and 2, the concentration of the color fomner cannot be equalized until the color former is diffused to the surface of the 
plate member which is not formed with a reagent portion. On the other hand, when the reagent portions 51 and 52 are 
55 formed respectively at the first and the second plate members 1 and 2, the concentration of the color fomner is high at 
the surface of each plate member while being low at an intermediate portion between the plate members in the stage 
in which the reagent portions 51 and 52 begin to dissolve. Therefore, to equalize the concentration of the color former, 
it is only necessary to diffuse tiie color former to the intemnediate portion between the first and the second plate members. 
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Accordingly, in the case where both of the first and the second plate mennbers 1 and 2 are fonned with the reagent 
portions 51 , 52, the diffusion length of the color former, which is necessary for equalizing the concentration of the color 
former, is half of that in the case where a reagent portion is formed only at either one of the plate members, 
[0046] The above nneansthat. the provision of the reagent portions 51 and 52 atthefirst and the second plate members 
1 and 2 shortens the time necessary for dispersing the color fomner uniformly in the liquid phase reaction system, and 
hence, shortens the reaction time. 

[0047] As for glucose, before the reaction, the concentration of unreacted glucose in the liquid phase reaction system 
is generally uniform. However, when the reaction proceeds to some degree, the concentration of unreacted glucose is 
low at a region where the concentration of the color fonmer is high, whereas the concentration of unreacted glucose is 
high at a region where the concentration of the color fonner is low. Therefore, to shorten the measurement time, it is 
preferable to diffuse not only the color fomner but also unreacted glucose in the liquid phase reaction system to equalize 
the concentration. Since the first and the second reagent portions 51 and 52 are provided at the first and the second 
plate members 1 and 2 in the glucose sensor XI , the diffusion length of unreacted glucose necessary for equalizing the 
concentration is short because of the same reason as described above. Aiso from this point, it is concluded that the 
provision of the first and the second reagent portions 51 and 52 at the first and the second plate members 1 and 2 can 
shorten the reaction time. 

[0048] As will become clearer also from Examples described later, in the glucose sensor XI , the measurement time 
can be further shortened by setting the facing distance H to no greater than 300m/d. By reducing the facing distance H, 
the diffusion length necessary for equalizing the concentration of the color fonner or unreacted glucose can be reduced 
with respect to the height direction. As a result, in the glucose sensor XI , the reaction necessary for causing the color 
fonner to develop color occurs easily. Therefore, the time taken for obtaining the intended reaction (coloring of the liquid 
phase reaction system) is shortened, whereby the measurement time can be shortened. 
[0049] A method for making a glucose sensor XI will be described with reference to Figs. 5-8. 
[0050] As shown in Fig. 5, to fomn a glucose sensor XI (See Figs 1 -3), a transparent substrate 6 is prepared. On the 
transparent substrate 6, a plurality of first cutting lines 61 and a plurality of second cutting lines 62 extending perpen- 
dicularly to each other are defined. Each of the regions surrounded by the cutting lines 61 and 62 is a glucose sensor 
fomnation region 63. 

[0051] Subsequently, as shown in Fig. 6, a plurality of double-sided tapes 64 are bonded as spaced from each other 
by a predetermined distance to cover the first cutting lines 61 . Then, as shown in Fig. 7, a reagent portion 65 is formed 
at each of the glucose sensor fomnation regions 63 to provide a primary intemnediate product 66. Each reagent portion 
65 may be fonned by applying a reagent solution containing a color fonner, an oxidoreductase and an electron mediator, 
and then drying the reagent solution by air blowing. 

[0052] Similarly to the above, another primary intermediate product 66 is prepared th rough the process steps described 
with reference to Rgs. 5-7. Then, as shown in Fig. 8, the two primary intemnediate products 66 are bonded together. 
Specifically, with the respective reagent portions 65 of the two primary Intemnediate products 66 facing each other, the 
two primary intemnediate products are bonded to each other by utilizing the adhesive force of the double-sided tapes 
64, whereby a secondary intemnediate product (not shown) is provided. Rnally, the secondary intermediate product is 
cut along the first and the second cutting lines 61 and 62, whereby glucose sensors XI as shown in Rgs. 1 -3 are obtained. 
[0053] The glucose sensor of the present invention is not limited to the mode described in this embodiment but may 
be structured as shown in Figs. 9A-9D and Figs. 10A and 10B. 

[0054] The glucose sensor X2 shown in Rg. 9A includes a first plate member 1 A fonned with a first reagent portion 
51 A, and a second plate member 2A fonned with a recess 20A which is rectangular in cross section and in which a 
reagent portion 52A is formed. In the glucose sensor X2, the facing distance H is the distance between the bottom 
surface of the recess 20A and the first plate member 1 A. 

[0055] The glucose sensor X3 shown in Rg. 9B includes a capillary 4B which is semicircular in cross section. Specif- 
ically, in the glucose sensor X3, the second plate 2B is formed with a recess 20B having a semicircular cross section, 
and a second reagent portion 52B is fomned in the recess 208. In the glucose sensor X3, the facing distance H is the 
distance between the deepest portion of the recess 20B and the first plate member 1 B. 

[0056] The glucose sensor X4 shown in Fig. 9C includes a capillary 4C which is circular in cross section. Specifically, 
in the glucose sensor X4, the first and the second plate members 1 C and 2C are respectively formed with recesses 1 0C 
and 20C which are semicircular in cross section, and a first and a second reagent portions 51 C and 52C are formed in 
the recesses 1 DC and 20C, respectively. 

[0057] Although the first and the second reagent portions 51 C and 52 of the glucose sensor X4 are continuously 
formed in the figure, the reagent portions 51 C and 52C may be separated from each other. In the glucose sensor X4, 
the facing distance H is the diameter of the capillary 4C in the thickness direction of the plate members 1 C and 2C. 
[0058] The glucose sensor X5 shown in Fig. 9D includes a capillary 4D which is an elongated circle in cross section. 
Specifically, in the glucose sensor 9D, the first and the second plate members 1 0 and 2D bonded together via a spacer 
3D are respectively formed with recesses 1 0D and 20D which are semicircular in cross section , and a first and a second 
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reagent portions 51 D and 52D are respectively formed in the recesses 1 0D and 20D. The first and the second reagent 
portions 51 D and 52D are separated fronn each other by the spacer 3D. In the glucose sensor X5. the facing distance 
H is the distance between the respective deepest portions of the recesses 1 0D and 20D. 

[0059] The glucose sensor X6 shown in Rgs. 10A and 10B includes a transparent cylindrical tube 7E in which a 
5 reagent portion 70E is fomned. Similarly to the glucose sensor X4 shown In Rg. 9C, the glucose sensor X6 includes a 
capillary 71 E which is circular in cross section. However, the glucose sensor X6 differs from the glucose sensor X4 
shown in Rg. 9C in that the capillary 71 E is defined by the cylindrical tube 7E. In the glucose sensor X6, the facing 
distance H is the inner diameter of the circular tube 7E. 

[0060] A second embodiment of the present invention will now be described below. In the figures to be referred to in 
^0 this embodiment, the elements which are Identical or similar to those of the first embodiment are designated by the same 
reference signs as those used for the first embodiment 

[0061 1 The glucose sensor X7 shown in Rgs. 1 1 -1 4 is a disposable sensor designed to measure glucose concentration 
by colorimetry, and the basic stmcture is similar to that of the foregoing glucose sensor XI (Rgs. 1 -3). Specifically, the 
glucose sensor X7 includes a first and a second plate members 1 and 2 bonded together via a pair of spacers 3F. The 
15 elements 1 , 2 and 3F define a capillary 4F extending In the longitudinal direction of the first and the second plate members 
1 and 2. 

[0062] The glucose sensor X7 differs from the foregoing glucose sensor XI (Rgs. 1 -3) in height IH' of the capillary 4F 
and arrangement of the reagent portion 51 F. 

[0063] The height (facing distance) H' of the capillary is set to no greater than 1 50|i,m. Preferably, the height H' of the 
20 capillary 4F is set to no greater than lOOfim, and more preferably, no greater than 75jjim. However, when a sample like 
whole biood which contains blood cells (solid components) is used, it is prefereble to set the height H' of the capillary 
4F to no smaller than 30p,m to reliably introduce the sample (blood) into the capillary 4F. The height H' of the capillary 
4F can be adjusted by adjusting the thickness of the spacers 3F. 

[0064] The reagent portion 51 F is provided only at the first plate member 1 . The reagent portion 51 F is in a solid state 
25 soluble in blood and contains a color fonrier, an electron mediator and an oxtdoreductase, for example. As the color 

fomner, the electron mediator and the oxidoreductase, those described In the first embodiment may be used. 

[0065] As shown in Rgs. 14A and 146. in the glucose sensor X7, when blood is supplied to the capillary 4F through 

the opening 40, the blood moves within the capillary 4F due to the capillary force generated in the capillary 4F. At this 

time, the reagent portion 51 F is dissolved by the blood, whereby a liquid phase reaction system 42 is established in the 
30 capillary 4. In the liquid phase reaction system 42F, the color fomner develops color, and the degree of color development 

(degree of coloring of the liquid phase reaction system) is detected similarly to the foregoing glucose sensor XI (See 

Rgs. 1-3). 

[0066] As will become clearer also from Examples described later, in the glucose sensor X7, the measurement time 
can be shortened by setting the facing distance H' further smaller, i.e., to no greater than 150fLm. Specifically, in the 

35 glucose sensor X7. the diffusion length of an Intended component (color former, oxidoreductase, electron mediator) 
contained in the reagent portion 51 F, which is necessary for equalizing the concentration of the intended component, 
becomes short with respect to the height direction. Further, also when glucose is consumed by reaction, the diffusion 
length for unifonnly dispersing unreacted glucose becomes shorter than that of ordinary glucose sensors with respect 
to the height direction. As a result, in the glucose sensor X7, the reaction necessary for causing the color fomner to 

40 develop color occurs easily. Therefore, the time taken for obtaining the intended reaction (coloring of the liquid phase 
reaction system) is shortened, whereby the measurement time can be shortened. 

[0067] The glucose sensor of the present invention is not limited to the mode described in this embodiment and may 
be structured as shown in Figs. 15-17, for example. 

[0068] The glucose sensor X8 shown in Rgs. 15A and 15B includes a first plate member 1G formed with a recess 
^5 1 0G which is rectangular in cross section, and a reagent portion 51 G is formed at the bottom surface of the recess 10G. 
As shown in Rg. 15B, in the glucose sensor X8, the facing distance H' is the distance between the bottom surface of 
the recess 10G and the second plate member 2G. 

[0069] The glucose sensor X9 shown in Rgs. IGA and 16B includes a capillary 4H which is semicircular in cross 
section. Specifically, the first plate member 1 H is formed with a recess 10H which is semicircular in cross section, and 
50 a reagent portion 51 H is fornied at the inner surface of the recess 1 0H. As shown in Fig. 1 68, in the glucose sensor X9, 
the facing distance H' is the depth of the recess 1 0H. 

[0070] The glucose sensor XI 0 shown in Figs. 1 7A and 1 7B includes a capillary 41 which is circular in cross section. 
Specifically, in the glucose sensor XI 0, the first and the second plate members 1 i and 21 are respectively fomned with 
recesses 101 and 201 which are semicircular in cross section, and a reagent portion 511 is fomned in the recess 101 of 
55 the first plate member 1 1. As shown in Rg. 1 7B, in the glucose sensor XI 0, the facing distance H' is the diameter of the 
capillary 41 . 

[0071] In each of the glucose sensors X8-X1 0 shown in Figs. 1 5-1 7, a spacer is not interposed between the first and 
the second plate members. In the structure in which a spacer is interposed, the facing distance becomes the sum of the 
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above-described dimension and the thickness of the spacer. 

[0072] in the first and the second embodinnents, a glucose sensor is described which Is designed to measure glucose 
concentration based on the strength of incident light and transmitted light However, the present invention is also appli- 
cable to a glucose sensor which is designed to measures glucose concentration based on incident light and reflected 
5 light. Particularly, the glucose sensor according to the first embodiment of the present invention is applicable not only 
to a glucose sensor for measuring glucose concentration by colorimetry but also to a glucose sensor for measuring 
glucose concentration by an electrode method. 

[0073] Although the glucose sensors X1-X10 of the foregoing embodiments are designed to move a sample by a 
capillary force, the sample may be moved by utilizing the motive power of a pump, for example. Further, a structure for 
10 moving a sample need not necessarily be employed. 

[0074] The present invention is also applicable to the measurement of a component other than glucose which is 
contained in blood, such as cholesterol, for example. Further, the present invention is also applicable to the analysis of 
a sample other than blood, such as urine, for example. 

IS EXAMPLES 

(Example 1) 

[0075] In this example, the influence of the height (facing distance) of a capillary of a glucose sensor on the meas- 
20 urement time when blood was used as a sample was examined by measuring the change of absorbance with time. 

[Glucose sensor used in Example 1] 

[0076] In this example, three kinds of glucose sensors (1)-(3) were used. The glucose sensors (1) - (3) are basically 
25 the same in structure but made different in height of the capillary (facing distance) by adjusting the thickness of respective 
double-sided tapes (spacers) as shown in Table 1 . 

[0077] Each of the glucose sensors (1)-(3) was prepared as follows. First, on a first transparent plate made of PET 
and having dimensions of 10mm x 30mm x 0.2mm, a pair of double-sided tapes spaced from each other by 3mm were 
bonded. The double-sided tapes define the thickness of the capillary, and the thickness of the double-sided tapes used 

30 for each glucose sensor (1 ) - (3) is as shown in Table 1 . Subsequently, a reagent solution having the composition shown 
in Table 1 was applied to a 3mm x 3mm region between the paired double-sided tapes, and then the reagent solution 
was dried by air blowing (30X, 10%Rh), whereby a reagent portion was provided. The amount of the reagent solution 
applied in fomriing each glucose sensor (1) - (3) is as shown in Table 1. The application amount of the reagent solution 
is set in accordance with the capacity of respective capillaries so that the glucose sensors (1)-(3) become equal in 

35 reagent concentration when blood is introduced into the capillaries. Subsequently, a second transparent plate made of 
PET and having dimensions of 10mm x 30mm x 0.2mm was bonded to the first transparent plate via the double-sided 
tapes. In this way, glucose sensors (1) - (3) to be used in this Example were obtained. 



40 

Table 1: Structure of glucose sensors used in Example 1 
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55 



[0078] In Table 1, PQQGDH is the abbreviation of glucose dehydrogenase (GDH) having pyn^oloquinoline quinone 
(PQQ) as a coenzyme, PMS is the abbreviation of 5-methylphenazinium methytsulfate. MMT is the abbreviation of 
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3- (4.5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide and PIPES is the abbreviation of PIperazine-l, 

4- bis(2-ethanesulfonic acid). 

[Measurement of absorbance] 

5 

[0079] In this Example, the absorbance in each of the glucose sensors (1)-(3) was measured over time with respect 
to blood having glucose concentration of about Omg/dL, 200mg/dL, 400mg/dL or 600mg/dL. 

[0080] In the measurement of absorbance, the region provided with the reagent portion was Irradiated with light along 
the thickness direction, and the light transmitted through the glucose sensor was received. In the light in^diation, 630nm 
^0 light was directed by using a light emitting diode. The transmitted light was received by a photodiode. The absorbance 
was computed by the formula below: 

ABS (absorbance )=lo*g (l^/lj) 

15 

[0081 1 In the above f ormu la, 1^ represents the intensity of incident light, whereas I2 represents the Intensity of transmitted 
light 

[Measurement results and evaluation] 

20 

[0082] The measurement results of change of absorbance with time in each of the glucose sensors (1) - (3) are 
respectively shown in Rgs. 18A-18C. 

[0083] As shown in Rg. ISA, in the glucose sensor (1) in which the thickness (facing distance) of the double-sided 
tapes (capillary) is 200jjun, the change of the absorbance with time is small. In the case of blood having glucose con- 
centration of 400mg/dL or 600mg/dL, the absorbance does not become sufficiently close to the maximum absorbance 
even after the lapse of 30 seconds from the start of blood introduction. Therefore, in the glucose sensor (1) , it is difficult 
to measure the glucose concentration within 30 seconds after the start of the blood introduction. To accurately measure 
the glucose concentration within 30 seconds after the start of the blood introduction, the measurement range cannot 
help being nan-owed. 

30 [0084] As shown in Fig. 18B, in the glucose sensor (2) in which the thickness (facing distance) of the double-sided 
tapes (capillary) is lOO^m, the absorbance becomes sufficiently close to the maximum absorbance after the lapse of 
about 1 0 seconds from the start of the blood introduction even when the glucose concentration is 600mg/dL. Therefore, 
in the glucose sensor (2), the accurate measurement of glucose concentration is possible after the lapse of about 10 
seconds from the start of the blood introduction at least in the glucose concentration range of 0 to 600mg/dL. 

35 [0085] As shown in Rg. 18C, in the glucose sensor (3) in which the thickness (facing distance) of the double-sided 
tapes (capillary) is OOmJU. the absorbance becomes sufficiently close to the maximum absorbance after the lapse of 
about five seconds from the start of the blood introduction even when the glucose concentration is 600mg/dL. Therefore, 
in the glucose sensor (3), the accurate measurement of the glucose concentration is possible after the lapse of about 
five seconds from the start of the blood introduction at least in the glucose concentration range of 0 to 600mg/dL 

40 [0086] As will be understood from the above results, when the reagent concentration of the liquid phase reaction 
system is the same, the time necessary for the absorbance to become close to the maximum value becomes shorter 
as the thickness (facing distance) of the double-sided tapes (capillary) becomes smaller. Therefore, in a glucose sensor, 
the measurement time can be shortened by reducing the distance (facing distance) of the reagent portions in the capillary 
in the nomial direction, e.g. to no greater than ISOp^m, and more preferably, no greater than ZSjim. 

45 

(Example 2) 

[0087] In this example, the influence of the configuration of a reagent portion on the measurement time when a glucose 
solution was used as a sample was examined by measuring the change of absorbance with time. 

so 

[Glucose sensor used in Example 2] 

[0088] In this example, three kinds of glucose sensors (4)-(6) shown in Table 2 were used. 
[0089] In the glucose sensor (4), a reagent portion (See Rgs. 1 -3) is fomned at each of the first and the second plate 
^ members. The glucose sensor (4) was prepared by bonding a pair of double-sided tapes on a first plate member and 
forming a first reagent portion between the double-sided tapes while bonding a pair of double-sided tapes on a second 
plate member and fonning a second reagent portion between the double-sided tapes, and then bonding the first and 
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the second plate members together so that the first and the second reagent portions face each other. As to the glucose 
sensor (4), only the elements which differ from those of the glucose sensors (1)>(3) are described in Table 2, and other 
informations which are not described in Table 2 are the same as those of the glucose sensors (1)-(3). 
[0090] Each of the glucose sensors (5) and (6) includes a reagent portion formed at the first plate member only, and 
was made similarly to the glucose sensors (1) - (3) of Example 1 to have the structure shown in Table 2 below. 



Table 2: Structure. of glucose sensors used in Example 2 
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[Measurement results and evaluation] 

25 

[0091] In this Example, the absorbance was measured over time by using the glucose sensors (4) - (6) similarly to 
Example 1 . The absorbance was measured with respect to three kinds of glucose solutions which differ in concentration 
(Omg/dL, 200mg/dL, 400mg/dL). The measurement results of change of absorbance with time in each of the glucose 
sensors (4)-(6) are respectively shown in Figs. 19A-19C. 

30 [0092] As shown in Rg. 1 9A, in the glucose sensor (4). the absorbance becomes sufficiently close to the maximum 
absorbance after the lapse of about 1 0 seconds from the start of the blood introduction even when the glucose concen- 
tration is 600mg/dL Therefore, with a glucose sensor which includes two reagent portions facing each other like the 
glucose sensor (4), the accurate measurement of glucose concentration is possible after the lapse of about 1 0 seconds 
from the start of the blood introduction at least in the glucose concentration range of 0 to 600mg/dL. 

35 [0093] As shown in Fig. 19B, in the glucose sensor (5), the change of absorbance with time is small. In the case of 
the glucose solution having the glucose concentration of 600mg/dL, the absorbance does not become sufficiently close 
to the maximum absorbance even after the lapse of 30 seconds from the start of blood introduction. Therefore, in the 
glucose sensor (5) which includes a reagent portion on one side only, It is difficult to measure the glucose concentration 
within 30 seconds after the start of the blood introduction even when the height (facing distance) of the capillary and the 

<o composition of the reagent portion are the same as those of the glucose sensor (4). To accurately measure the glucose 
concentration within 30 seconds after the start of the blood introduction, the measurement range cannot help being 
nan'owed. 

[0094] As shown in Fig. 1 9C, with respect to the glucose sensor (6), the results similar to those of the glucose sensor 
(4) were obtained. 

45 [0095] In this way, the glucose sensor (4) which includes two reagent portions facing each other have substantially 
the same advantages as those of a glucose sensor having a small facing distance (glucose sensors (2) and (3) of 
Example 1). This means that the provision of reagent portions facing each other provides the following advantages. 
Firstly, the measurement time can be shortened even when the facing distance is relatively large. Secondly, by setting 
the facing distance relatively small, the measurement can be performed in a shorter period of time than is possible in 

so the case where a reagent portion is fonmed on one plate member only. Therefore, with a glucose sensor including two 
reagent portions facing each other, the measurement time can be considerably shortened. 

Claims 

55 

1. An analyzing tool comprising: a reaction space in which a particular component of a sample and a reagent react 
with each other; and a reagent portion whteh is an-anged in the reaction space and which dissolves when the sample 
is supplied to the reaction space; 
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wherein the reagent portion includes a first part and a second part facing each other and provided on a defining 
surface defining the reaction space. 

2. The analyzing tool according to claim 1 , wherein the first part and the second part are separated from each other. 

3. The analyzing tool according to claim 1 , wherein thef irst part and the second part differf rom each other in composition. 

4. The analyzing tool according to claim 1 , wherein the reagent portion includes a color-developing reagent to perform 
sample analysis by colorimetry. 

5. The analyzing tool according to claim 1 , wherein the defining surface includes a first region at which the first part is 
provided, and a second region at which the second part is provided, the second region facing the first region in a 
direction nomial to the first region; and 

wherein a facing distance between the first region and the second region is no greater than SOOfUn. 

6. The analyzing tool according to claim 5, wherein the facing distance is no smaller than SO^jim. 

7. The analyzing tool according to claim 5, further comprising a first plate member in which the first region is included, 
and a second plate member in which the second region is included, the second plate member defining the reaction 
space together with the first plate member. 

8. The analyzing tool according to claim 7, further comprising a spacer for bonding the first plate member and the 
second plate member to each other and defining the reaction space together with the plate members; 

wherein the facing distance is detennined by the spacer. 

9. The analyzing tool according to daim 1 , wherein the reaction space is designed to move the sample by a capillary 
force generated in the reaction space. 

10. The analyzing tool according to claim 1 , wherein blood is used as the sample. 

11. A method for making an analyzing tool, the method comprising: 

a first reagent portion fonning step for forming at least one first reagent portion at a first substrate; 
a second reagent portion fomiing step for fonning at least one second reagent portion at a second substrate; and 
an intemiediate product fomiing step for fomiing an intermediate product by bonding the first substrate and the 
second substrate to each other in a manner such that the first and the second reagent portions face each other. 

12. The method for making an analyzing tool according to claim 11, wherein a plurality of first reagent portions are 
fonmed at the first substrate in the first reagent portion forming step; 

wherein a plurality of second reagent portions are fomied at the second substrate in the second reagent portion 
forming step; and 

wherein the method further comprises a cutting step for cutting the intemiediate product into pieces each including 
at least one of the first reagent portions and at least one of the second reagent portions. 

13. The method for making an analyzing tool according to daim 11. wherein the first reagent portion and the second 
reagent portion differ from each other in composition. 

14. The method for making an analyzing tool according to claim 11, wherein the first reagent portion and the second 
regent portion have a same or substantially same composition. 

15. The method for making an analyzing tool according to claim 11, further comprising a step perfonmed before the 
intermediate product fonning step for mounting a spacer on at least one of the first and the second substrates, the 
spacer being mounted on a surface to be formed with the first reagent portion or a surface to be fonned with the 
second reagent portion. 

16. An analyzing tool comprising a reaction space in which a particular component of a sample reacts with a reagent 
for analyzing the particular component by colorimetry, 

wherein the reaction space is defined by a defining surface which Includes: a reagent retaining region for retaining 
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a reagent; and a facing region which faces the reagent retaining region in a direction nomnal to the reagent retaining 
region and which does not retain a reagent; and 

wherein a fadng distance between the reagent retaining region and the facing region is no greater than 150)jan. 

17. The analyzing tool according to claim 16, wherein the facing distance is no greater than lOOpim. 

18. The analyzing tool according to claim 17, wherein the facing distance is no greater than 75mJ71. 

19. The analyzing tool according to claim 16, wherein the facing distance is no smaller than 30ym. 

20. The analyzing tool according to claim 16, wherein the reaction space is designed to move the sample. 

21 . The analyzing tool according to claim 20, wherein the reaction space is designed to move the sample by a capillary 
force generated in the reaction space. 

22. The analyzing tool according to claim 16, further comprising a first plate member in which the reagent retaining 
region is included, and a second plate member in which the facing region is included, the second plate member 
defining the reaction space together with the first plate member. 

23. The analyzing tool according to claim 22, further comprising a spacer for bonding the first plate member and the 
second plate member to each other and defining the reaction space together with the plate members; 

wherein the facing distance is detemnined by the spacer. 

24. The analyzing tool according to claim 16, wherein blood that contains blood cells is used as the sample. 
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FIG.2 
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FIG.4A 
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FIG.8 
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FIG. 12 
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FIG.17A 
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FIG. 18A 
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Facing Distance 200 /im 





4.0 




3.0 


1 — \ 




1 




CO 


2.0 








1.0 




0.0 




0 











600m g/dL 

400m g/dL 

200m g/dL 




Omg/dL 



00 
OQ 



2.0 
1.5 
1.0 
0.5 
0.0 



5 10 15 20 25 30 35 
Time [sec] 

FIG. 18B 

Embodiment 1 (Glucose Sensor (2)) 
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Embodiment 1 (Glucose Sensor (3)) 
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FIG. 19A 

Embodiment 2 (Glucose Sensor (4)) 
Facing Distance 120 Mm (Double Reagent Layer) 
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FIG. 19B 

Embodiment 2 (Glucose Sensor (5)) 
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FIG. 19C 

Embodiment 2 (Glucose Sensor (6)) 
Facing Distance 60 /zm (Single Reagent Layer) 
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